The páramo ecosystem is situated in northwest of South America, and it is well known for distribution of lichens. It is documented that lichens produce antioxidant activity, and protect cells from oxidative stress by scavenging free radical. Hence we checked the antioxidant and protective abilities to prevent cell and DNA damage by oxidative stress of Lobariella pallida and Stereocaulon strictum var. compressum extracts. Additionally, the active constituents namely lobariellin (1), methyl orsellinate (2), stereocaullin (3), methyl haematommate (4), methyl β-orcinol carboxylate (5), porphyrilic acid (6) and atranorin (7), were isolated from both extracts and their antioxidant activity was evaluated. The DPPH  , ferric reducing power and inhibition of lipid peroxidation model were used to determined the antioxidant activity of extracts and isolated compounds. The cell and DNA protective effects of extracts and isolated compounds were investigated by exposing keratinocytes, neurons and pUC18 plasmid to hydroxyl radicals, and examined cell viability or DNA cleavage of sample. The findings exhibits that the compounds 1, 4 and 6 scavenged free radicals, inhibited lipid peroxidation and reduced ferric ions at maximum level compared to other isolated compound and extracts. Additionally, 1 and 4 protected cells from oxidative damage and 1 also preserved DNA. These results suggest that 1 and 4 imparts antioxidant activity to prevent oxidative skin and neurodegenerative damage.
Introduction
The oxidative stress, reactive oxygen species (ROS) and reactive nitrogen species (ROS) imparts chief role in induction of various diseases and aging of the skin by damaging lipids, proteins and nucleic acids. Consequently it decreases the fluidity of biological membranes, loss in the functionality of enzymes and receptors; mutations, cell death and tissue injury 1 . Hence it is important to control the production of ROS and RNS to prevent body from various diseases and disorders. The various studies carried out to focus on the search of novel antioxidants, mainly of natural origin evaluating and demonstrating this activity in different natural sources, including lichens 2 .
Lichens are symbiotic organisms consisting in a fungus (mycobiont) and algae or cyanobacteria (phycobiont). As a result of this association, they biosynthesize characteristic secondary metabolites of fungal origin presumably produced for their own protection against environmental stress Venezuela, Colombia, Ecuador and Peru, which has unique biological richness including lichens in abundance 3 . The very contrasting environmental conditions, such as cold humid nights and very sunny days with intense ultraviolet radiation (UV-R) at the páramo region, make lichens living there, very attractive for their study in the pursuit of possible antioxidant and photo-protective leads. The páramo region in Colombia is the most abundant worldwide 3 , not withstanding, the studies focus to find bioactive substances from páramo lichens have been very scarce. In order to contribute to the knowledge of the bioactivity of these poorly studied organisms, in the present study the antioxidant and protective abilities to prevent cell and DNA damage by oxidative stress of extracts of Lobariella pallida and Stereocaulon strictum var.
compressum as well as of some isolated constituents from these were determined. 
Materials and methods

Lichen material and compounds
Reactivity of lichen compounds as free radical scavengers
The antiradical activity of isolated compounds was evaluated by a kinetic study calculating the second-order rate constants (k2, M 
Inhibition of lipid peroxidation
The inhibition of lipid peroxidation by extracts, compounds and 
Where: Ac = control absorbance; As = sample absorbance.
Ferric reducing power
The ferric reducing power (FRP) of extracts, compounds and control (αT) was determined according to Atalay et al. 7 . This assay measures the ability of antioxidants to reduce ferric (Fe 3+ ) to ferrous (Fe 2+ ) ions through the formation of Perl's Prussian blue complex.
Samples and control solutions (5-1000 ppm) were prepared in methanol and their absorbance was measured at 700 nm. A higher absorbance indicated a higher FRP.
Total phenolic content
The total phenolic content (TPC) of extracts was determined by Folin-Ciocalteu reagent using gallic acid as standard 
DNA protective effect against hydroxyl radical damage
The extent of lichen compound and extracts of DNA protective against OH  were determined as method reported by Russo et al. 
Statistical analysis
Results were expressed as mean ± standard deviation (sd) of a minimum of three replicates. Statistical analysis between experimental results was based student´s t-test. Significant difference was statistically considered at the level of p < 0.05.
Results and Discussion
It is documented that L. pallida and S. strictum are lichens found at as well as of lobariellin (1) and methyl orsellinate (2), isolated from the first species and stereocaullin (3), methyl haematommate (4), methyl β-orcinol carboxylate (5), porphyrilic acid (6) and atranorin (7) isolated from the second one ( Figure 1) were determined in the pursuit of possible antioxidant leads.
Antioxidant activity
Free radical scavenging activity
Lobariellin (1), stereocaullin (3), methyl haematommate (4) and porphyrilic acid (6) showed the highest DPPH  scavenging activity (Table 1 ) since, they had the lowest EC50. Particularly, the activity of a methyl group at C5 ( Figure 1) ; however, due to 1 is more active than 4, the methyl group at C5 is also important for antioxidant activity. Some studies about the inhibition of auto-oxidation of styrene by some tocopherols 12 corroborate that the introduction of a methyl group orto to -OH (as in 1), increases the antioxidant activity since this electron-releasing group stabilizes the resulting phenoxyl, which is in accordance with our findings.
Although 3 is neither a β-orcinol nor orcinol derivative, but it has some structural characteristics that impart antioxidant activity to β-orcinol derivatives, such as two orto-methyl and one para-formyl groups (as in 1), it also had moderate scavenging activity. Although the dibenzofuran porphyrilic acid (6) was the best scavenger in this study, structure-DPPH  scavenging, activity-relationships for this kind of compounds could not be inferred due to insufficient and divergent data. Previous studies 13, 7 , demonstrated that usnic acid, a dibenzofuran isolated from several lichen species, is less active as DPPH  than the depside atranorin (7), which in turn was relatively inactive in the present study. ) vs methyl haematommate (4) (k2=1.239 ± 0.005)x10 -2 ) ( Figure 1 ) and considering that 1 was significantly more reactive than 4 (p < 0.001), the difference in their reactivity can be explained by the electronreleasing methyl group orto to -OH in 1, which causes weakening of the O-H bond in order to form a phenoxyl radical more easily than 4.
Reactivity of lichen compounds as free radical scavengers
Theoretical calculations of O-H bonding and activation energies for
substituted phenols corroborate this finding 14 .
The outcomes of study exhibited that the BHT reaches steady state at 6 h while ascorbic acid reached at 60 min. Hence BHT is considered as slow kinetics antioxidant compared to ascorbic acid 5, 6 .
The k2 values of 1 and 6 indicate that reaction reached steady state at 20 h, this suggests that it could be used to prevent oxidative damage during extended periods in a similar manner than BHT 5 .
Inhibition of lipid peroxidation
The percentage of inhibition of lipid peroxidation (% ILP) of compounds and extracts were examined by measuring the amount of peroxide produced during initial stages of oxidation. On the third day, the absorbance of linoleic acid reached a maximum, indicating the maximum formation of lipid peroxides (LP) ( %ILP) and α-tocopherol (αT) (22.5-68.6 %ILP) (p < 0.01) while methyl haematommate (4) and atranorin (7) were similar to them above 100 ppm, and methyl orsellinate (2) and methyl β-orcinol carboxylate (5) were inactive ( Table 1 ). The activity of 1 and 6 as inhibitors of LP was according to their DPPH  scavenger activity.
Therefore, consistent with the mechanism of lipid peroxidation it can be inferred that compounds 1, 3 and 6 transfer hydrogen atoms to peroxyl radicals in order to stabilize them and prevent the oxidative damage of lipids. The inhibition of lipid peroxidation has been determined for other lichen substances 7 , finding that some β-orcinol simple phenolics such as rhizonyl aldehyde and rhizonyl alcohol and some β-orcinol depsidones such as pulmonarianin and isidiophorin were better inhibitors than the depside diffractaic acid in accordance with our results.
Ferric reducing power
The (5) and atranorin (7) were poor reducing agents while methyl orsellinate (2) and stereocaullin (3) were inactive.
These results, suggest that 1, 4 and 6, transfer electrons to reactive free radicals in order to stabilize them.
Total phenolic contents
The findings demonstrated a direct relationship between total phenolic contents (TPC) of natural extracts and their antioxidant activity 9 . The TPC of the extract of L. pallida (ELp) (0.165 ± 0.001) was significant higher than the extract of S. strictum (ESs) (0.156 ± 0.001) (p < 0.001) which was according to their DPPH  scavenger and inhibition of lipid peroxidation activities ( Table 1 ). Considering that lobariellin (1) and methyl orsellinate (2) are present in the extract of L. pallida (ELp) and that 2 were inactive as the antioxidant, it may be assumed that the antioxidant activity of this extract should be due mainly to 1. 
Conclusions
Lobariellin (1) and methyl haematommate (4) are promising antioxidants able to prevent skin and neurodegenerative damage by oxidative stress. These compounds have been isolated from lichens living at Colombian páramo region under extreme environmental conditions. These results contribute to the knowledge of these poorly studied organisms.
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